The B-lymphocyte-immunodominant antigen involved in naturally ovine progressive pneumonia virus (OPPV)-infected mature sheep remains unknown. Therefore, the amount of antibody in sera from 10 naturally OPPV-infected sheep was evaluated by immunoprecipitation (IP) of the major viral proteins in [ 35 S]methionine/cysteine-labeled OPPV (whole virus) lysate. Using an excess of OPPV proteins in whole-virus lysate, 8 out of 10 sheep had the highest serum antibody IP endpoint titers to the gp135 surface envelope glycoprotein (SU). Also, 2 out of 10 sheep had equivalent serum antibody IP endpoint titers to the transmembrane glycoprotein oligomer (TM90) and SU. Since these data indicate that SU is the immunodominant protein in most mature sheep persistently infected with OPPV, SU-specific diagnostic serological assays can be utilized for OPPV diagnosis.
Ovine progressive pneumonia virus (OPPV) is a small ruminant lentivirus (SRLV) that can cause severe dypsnea in some flocks, eventually leading to death. OPPV is considered the North American equivalent to maedi-visna virus (MVV) that caused 20 to 30% mortality in Icelandic flocks in the late 1930s (10) . However, most sheep live a normal life despite the presence of persistent OPPV infection as diagnosed by the presence of anti-OPPV antibodies in serum. Although antibodies are detected, the B-lymphocyte immunodominant antigen in naturally OPPV-infected mature sheep remains unknown. B-lymphocyte immunodominance in persistent viral infections is defined as greater antibody production to one viral antigen compared to other viral antigens. Therefore, in this study, the amount of anti-OPPV antibody in sera from 10 6-year-old naturally OPPV-infected sheep was evaluated by titration in immunoprecipitation (IP) with major viral proteins in [ 35 S]methionine/cysteine-labeled OPPV (whole virus) lysate.
The 10 sheep used in this study were defined as OPPVinfected based on the presence of serum antibodies that inhibited monoclonal antibody (MAb) 74A binding to caprine arthritis encephalitis virus (CAEV) surface envelope glycoprotein (SU) in a competitive inhibition enzyme-linked immunosorbent assay (cELISA) (VMRD, Inc., Pullman, WA). CAEV cELISA titers were determined by endpoint serial dilution of serum into 1ϫ phosphate-buffered saline (PBS), pH 7.0. [ 35 S]methionine/cysteine-labeled OPPV WLC1 lysates were prepared using previously established methods with slight modifications (3, 4) . Briefly, neonatal goat synovial membrane (GSM) cells isolated from CAEV-negative kids were grown at 37°C in 5% CO 2 in minimal essential medium (MEM) (In-vitrogen) supplemented with 2% fetal bovine serum (FBS) and were infected at a multiplicity of infection (MOI) of 0.5 with OPPV WLC1. Typically, cytopathic effects were observed in the GSM cells within 7 to 8 days after OPPV WLC1 infection and media was removed and replaced with methionine-free MEM (Invitrogen) for 4 h. Following this, 0.5 to 1.0 mCi of NEG-772 Easytag Express Protein Labeling Mix [ 35 S] containing L-[ 35 S]methionine and L-[ 35 S]cysteine (Perkin Elmer) was added to the methionine-starved, OPPV WLC1-infected GSM cells in a 800-cm 2 roller bottle. After 2 to 4 h, FBS was added to a final concentration of 2%, and the cultures were incubated at 37°C at 5% CO 2 for 5 to 6 days. The supernatant was collected and centrifuged at 1,400 ϫ g for 15 min at 4°C. The virus-containing supernatant was ultracentrifuged at 131,000 ϫ g for 90 min at 4°C, and the resulting viral pellet was resuspended into 1ϫ cell lysis buffer (CLB) composed of 1ϫ Trissaline-EDTA (TNE), pH 7.4, with 1% NP-40, 0.5% deoxycholate, and 0.1% sodium dodecyl sulfate on ice. The viral lysate was clarified by ultracentrifugation at 183,000 ϫ g for 60 min at 4°C, and the resulting viral lysate supernatant passed through a 0.22-m filter. Five microliters of the filtered [ 35 S]methionine/cysteine-labeled OPPV WLC1 lysate was counted by precipitating viral proteins using trichloroacetic acid (TCA) followed by liquid scintillation. The [ 35 S]methionine/cysteine-labeled OPPV WLC1 lysate was stored at Ϫ20°C until use.
In order to identify the OPPV protein that induced an immunodominant B-lymphocyte response, it was determined that the major OPPV proteins p28 capsid protein (CA), transmembrane glycoprotein monomer (TM38), transmembrane glycoprotein oligomer (TM90), and gp135 surface envelope glycoprotein (SU) were present and in excess by titrating [ 35 S] methionine/cysteine-labeled OPPV WLC1 lysate in an immunoprecipitation reaction while keeping the amount of sera constant. Immunoprecipitation reactions were conducted using previous methods, except where indicated (3, 4 ). An OPPV WLC1 lysate titration was performed by mixing 10 l of serum from each of the 10 OPPV-positive ewes (LMH 11-20) with 1 ϫ 10 6 , 5 ϫ 10 5 , 1 ϫ 10 5 , 5 ϫ 10 4 , 1 ϫ 10 4 , 5 ϫ 10 3 , or 1 ϫ To determine the immunodominant B-lymphocyte OPPV antigen, serum was serially diluted 1:2, 1:4, 1:8, 1:16, 1:32, and 1:64 in the immunoprecipitation reaction, keeping 5 ϫ 10 5 cpm of [ 35 S]methionine/cysteine-labeled OPPV WLC1 lysate constant and the total IP reaction volume at 200 l in 1ϫ CLB buffer. Two-week exposed autoradiographs were analyzed using an Alphaimager (Alpha Innotech Corp., San Leandro, CA) using software provided by the imager. Adjusted signal peak areas were determined by measuring the signal peak areas for the immunoprecipitated OPPV proteins: CA, TM38, TM90, and SU at each dilution minus the background signal peak areas corresponding to where CA, TM38, TM90, and SU would migrate in the negative control serum (undiluted). The adjusted signal peak areas were determined within the linear range (nonsaturating) of signal on the Alphaimager. The adjusted signal peak area (y axis) for each OPPV protein was plotted against the inverse serum dilution (x axis), and the resulting x intercept (y ϭ 0) from the linear regression was defined as the IP endpoint titer for that OPPV protein. Representative results from two serum titrations are shown where IP endpoint titers were highest against SU (Fig. 1C , lanes 5 to 8, and D, lanes 5 to 9). IP endpoint titers were highest for SU in 8 out of 10 OPPV-infected sheep and equally high for SU and TM90 in 2 out of 10 OPPV-infected sheep (Fig. 2) . In all 10 OPPV-infected sheep, serum IP antibody endpoint titers were lower for CA and TM38 than SU or TM90.
The results of this study indicate that SU is the immunodominant B-lymphocyte OPPV protein in most mature sheep (6 years old) naturally infected with OPPV. Interestingly, another study showed that anti-CA antibodies were first to be detected by Western blot analysis during natural and experimental maedi-visna infection in sheep (5) . These studies together suggest that the B-lymphocyte-immunodominant viral antigen may change during OPPV infection. This is a possibility given that the B-lymphocyte-immunodominant OPPV antigen was CA 3 years prior in only one sheep (CA endpoint titer, 8; SU endpoint titer, 4) out of seven in our study (LMH 11) by immunoprecipitation of [ 35 S]methionine/cysteine-labeled OPPV WLC1 lysate (data not shown).
The fact that SU is immunodominant in most OPPV-infected sheep provides a basis for the observed high sensitivity and specificity of a caprine arthritis-encephalitis virus (CAEV) competitive enzyme-linked immunosorbent assay (cELISA) in detecting anti-SU antibodies in serum from OPPV-infected sheep ranging in ages 3 to 7 (4). The CAEV cELISA relies upon the presence of anti-SU antibodies to inhibit the binding of monoclonal antibody 74A to CAEV-63 SU (9) . Interestingly, cELISA endpoint titers and IP endpoint titers do not correlate within the same animal in some instances (see LMH 16, LMH 17, and LMH 20 in Fig. 3 ). This indicates that in some sera the two assays are measuring different anti-SU antibodies.
Our study was the first to verify that the OPPV proteins CA, TM38, TM90, and SU were present and in excess prior to titrating the sera, leading to a more accurate determination of SU as the immunodominant B-lymphocyte OPPV antigen. However, specific activity (Ci/mmol) or the number of 35 S's incorporated into the methionines and cysteines of SU, TM90, and CA could also explain our results. Theoretically, SU contains more 35 S-labeled methionines/cysteines per molecule (37 total in OPPV WLC1) than TM90 (30 total in OPPV 85/34) or CA (12 total in OPPV WLC1). So, if SU IP endpoint titers were three times more than CA and TM90 IP endpoint titers were 2.5 times more than CA, specific activity may be playing a role in determining the B-lymphocyte-immunodominant OPPV antigen as SU. However, since SU IP endpoint titers were 8 to 32 times greater than CA signals and TM90 serum endpoint IP titers were 4 to 32 times greater than CA signals when sera was titrated in 10 out of 10 sheep (Fig. 2 ), this indicates that the observed B-lymphocyte immunodominance to SU is not due to the increase in specific activity of SU.
Our data also suggest that in some naturally OPPV-infected sheep (2 out of 10 in this study), both SU and TM90 are B-lymphocyte immunodominant. Using immunoprecipitation, the B-lymphocyte-immunodominant viral antigen in the synovial fluid of CAEV experimentally infected goats was SU in one out of five goats, TM90 in one out of five goats, and both SU and TM90 in three out of five goats (7) . In another study where Western blot analysis was used, TM90 was determined as the B-lymphocyte-immunodominant antigen in the serum of four out of four goats experimentally infected with CAEV (8).
Since Western blot analysis and immunoprecipitation have comparable sensitivities (6) , the B-lymphocyte-immunodominant antigen in CAEV-infected goats may be preferentially TM90, whereas in OPPV-infected sheep it is preferentially SU. In general, the prior studies in CAEV along with ours indicate that the immunodominant B-lymphocyte antigen in small ruminant lentiviral infections of mature sheep and goats is SU, TM90, or both SU and TM90.
More specifically, immunodominant continuous B-lymphocyte epitopes have been identified in the C-terminal region of SU and the N-terminal region of TM90 in experimentally CAEV-infected goats using Western blot analysis (1, 2) . Also, immunodominant continuous B-cell epitopes in the extreme C terminus of SU have also been identified in goats naturally infected with CAEV using peptide mapping (11) . Future studies are planned to precisely map linear and continuous Blymphocyte epitopes within SU and TM90 of OPPV.
